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Introduction
This paper develops and estimates a simple structural model of household decisions regarding child labor and schooling. Though both the theoretical and empirical literatures on child labor have blossomed in recent years, there remains a gap between the two. We argue that part of the conflicting results obtained in the empirical literature -related to the effect of improvements in economic conditions on child labor -derives from its lack of theoretical structure. Our model leads to an empirical specification where the income and substitution effects from different components of family income can be clearly identified. We show that the effects of these components are different according to the margin of choice faced by the family, and incorporate these restrictions in the estimation. As expected, our empirical results using Brazilian data show that family wealth tends to reduce the incidence of child labor and increase school attendance, while, conditional on family wealth, increases in economic activity (or in the opportunity cost of children's time) are associated with increased child labor and reduced school attendance. Most of the conflicting results from the previous empirical literature can be easily understood as a consequence of its incapacity to distinguish between the income and substitution effects implicit in different types of income variation.
Child labor has been identified as an important determinant of the persistence of poverty in developing countries. Inefficiently high levels of child labor -due to credit constraints or to general equilibrium effects on wages -reduce human capital accumulation by children, therefore reducing future wages and reproducing poverty and inequality. Baland and Robinson (2000) show that, even when socially inefficient, child labor may exist due to the incapacity of parents to borrow against the future income of children. Basu and Van (1998) , in a multiple equilibria model, stress an alternative mechanism in which child labor is both a cause and a consequence of poverty: in a "good" equilibrium, when market wages are high, parents choose not to send their children to work; whereas in a "bad" equilibrium, when wages are low and families are poor, parents send their children into the labor force. Along similar lines, Dessy (2000) finds that there is a critical level of adult wages below which child labor is supplied.
1 Ranjan (2001) also shows that credit constraints lead to inefficiently high levels of child labor, which, in turn, are related to greater income inequality.
In these models, the market solution leads to a situation where it would be socially efficient to reduce children's labor supply and increase schooling. In such settings, child labor can be an intergenerational source of poverty traps: poor children work today, obtain less schooling and become low productivity workers, earning low wages in the future (as suggested by the evidence presented in Emerson and Souza, 2003) .
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Empirical work on the determinants of child labor has spanned a wide range of different settings and experiments. Edmonds (2005a and 2005b) , for example, finds that improvements in economic status explain most of the decline in child labor in Vietnam, while anticipated cash transfers to the elderly in South Africa are associated with increased schooling and reduced labor supply by children. Bourguignon et al (2003) and Cardoso and Souza (2004) find that, in Brazil, conditional income transfers from the Bolsa Escola program increased the likelihood of schooling, but had no significant impact on the incidence of child labor. 3 Beegle et al (2006) find that, in Tanzania, negative agricultural shocks (reports of value of crop losses due to insects, rodents, and other calamities) increase the number of hours worked by children and reduce school enrollment; they also show that households with a sufficiently high level of assets are able to fully offset the shocks. These results suggest that poverty and liquidity constraints are important determinants of household decisions regarding children's allocation of time.
But other empirical evidence reaches conclusions that may seem puzzling at first sight. Barros et al (1994) find that, in the eight largest metropolitan areas of Brazil, child labor is higher during periods of low poverty and high economic growth, rather than during periods of economic downturns and high poverty. Similarly, also looking at urban Brazil, Neri and Thomas (2001) find that children are more likely to repeat a grade and more likely to work during periods of economic growth, while Duryea and Arends-Kuenning (2003) find that incidence of child labor is higher and educational outcomes are worse when average wages are higher. Kruger (2006a and 2006b ) finds that, in coffee producing regions of both Brazil and Nicaragua, children are more likely to work and less likely to go to school during periods of improved economic conditions due to coffee booms. Results such as these have led some authors -such as Barros et al (1994) and Rogers and Swinnerton (2004) -to argue that there is at best a weak link between income and child labor, and to question whether poverty and credit constraints are indeed the sources of the problem.
2 Although most of the empirical literature has focused on the relationship between child labor and school attainment or enrollment, Gunnarsson et al. (2006) find that child labor leads to lower standardized test scores among grade school children of nine Latin American countries, thus harming the quality of schooling as well. 3 Bolsa Escola is a public cash transfer program conditional on children's school attendance.
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We claim that the seemingly conflicting results from the empirical literature are entirely consistent with economic theory, once one realizes that different types of shocks to family income -or different types of experiments -bring together different combinations of income and substitution effects. Income changes that are mostly associated with changes in households' full income should represent either pure income effects or situations where income effects tend to be relatively more important, and therefore should increase the demand for schooling and reduce child labor. On the other hand, short term fluctuations in wages, income, or economic growthparticularly when analyzed as deviations from a given secular trend -should be mostly associated with increases in the opportunity cost of children's time, given an expected present value of full income. Therefore, these changes should isolate the substitution effect and bring together increased child labor and reduced schooling.
In order to clarify how these different margins affect household choices regarding child labor and schooling, we develop a very simple model that captures the main empirical implications of the theoretical literature (Baland and Robinson, 2000 , Basu and Van, 1998 , and Dessy, 2000 . In addition to making explicit the argument developed in the previous paragraph, the model leads to an empirical specification from a set of structural equations that can be immediately taken to the data. The vast majority of empirical work analyzes the child labor and schooling decisions as separate, discrete choices. 4 However, in our model, child labor and schooling are not mutually exclusive, and the response of households to changes in income may vary with their level of consumption. The theory leads to a formulation where, in order to account for all the relevant dimensions of the environment faced by families, child labor and schooling decisions are characterized as a generalized ordered discrete choice problem. This formulation highlights both the set of alternatives available to families (work only, schooling and work, and schooling only) and the fact that families choosing each one of these different alternatives may respond differently to marginal changes in exogenous variables. The theory also highlights the necessity to distinguish between changes in family full income and children's wages for the different dimensions of the income and substitution effects to be adequately identified.
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In order to implement the empirical specification, and given the limitations of the data typically available, we exploit shocks to coffee and total agricultural production in Brazil as 4 Exceptions are Levison et al (2000) and Bourguignon et al (2003) , who estimate multinomial logits. 5 In the micro-simulations performed by Bourguignon et al (2003) , the conditional cash transfer program analyzed has potentially both income and substitution effects (by reducing the opportunity cost of schooling and, simultaneously, increasing family income). But the authors do not address this issue explicitly, nor try to separately identify these two components.
4 exogenous variation in the demand for unskilled labor. We concentrate the analysis on Brazil's coffee producing regions and rural areas, between 1993 and 2003, and use household data from the Brazilian Household Survey (Pesquisa Nacional por Amostras de Domicílio -PNAD) and agricultural production data from the Brazilian Census Bureau (Instituto Brasileiro de Geografia e Estatística -IBGE). Controlling for family income and wealth, and for secular trends in income, we are able to distinguish between the effects of family income and increased demand for child labor (due to shocks to local economic activity). We find that, conditional on family socioeconomic status and wealth, and on long-term growth, exogenous shocks to local economic activity are associated with increased child labor and reduced schooling. Nevertheless, family socioeconomic status and wealth -as measured by hourly wage and job tenure of the head of the household, non-labor income, and ownership of various durable goods -are associated with reduced child labor and increased schooling.
Additionally, in conducting various robustness checks, we identify the role of a series of demographic correlates of child labor. Older children are more likely to work, while children with higher educational attainment for a given age are more likely to be in school. Girls are more likely to be in school and not working, while children living in rural areas are more likely to be working and not in school. Conditional on household wealth and socioeconomic status, children living in households with many children are more likely to work and less likely to be in school.
The remainder of the paper is organized as follows. In section 2, we develop a theoretical model of child labor and schooling, and derive its empirical specification. In section 3, we describe the data used in the analysis and discuss the empirical implementation of the model. In section 4, we present and discuss the results. Finally, section 5 concludes the paper.
A Simple Model of Child Labor and Schooling
The Household Problem
This section develops a simple model of the joint household decision regarding child labor and schooling. We concentrate on a simplified version of the household problem in order to obtain a model that can be immediately taken to the data, and to highlight the dimensions that are added by considering the joint decision. Though formally different, our model shares the same basic properties of the theory proposed by Basu and Van (1998) . From an empirical perspective, our theory shows that, depending on the household's choice of child labor and schooling, it may respond differently to changes in the economic environment. This partly explains some of the seemingly contradictory results obtained in the previous empirical literature. 5 Consider an economy where parents make all the relevant decisions. Since we want to emphasize the different roles of family vis-à-vis child's income in determining the labor supply and schooling decision, we assume that each household has only one parent and one child. The household derives utility from consumption and from the human capital of the child according to the utility function
where c is household consumption, h is the human capital of the child, and β and σ are constant parameters, with 0 < σ < 1 and β > 0.
Consumption goods are purchased with income from adult and child labor. Assume that parents participate fully in the labor market, so that their labor supply is fixed at the total amount of labor time available (t p ). Consumption satisfies the following budget constraint:
where w c is the child wage, w p is the adult wage, 6 and l c is the labor supply of the child.
The child's time has to be allocated between work and investments in human capital according to
where e c is the time spent on investments in human capital by the child, and t c is the total amount of time available for the child.
We abstract from the material costs of investments in education and assume that human capital is produced only with the time of the child, according to the technology h = αe c exp(v), where α is a technological constant and v is an individual specific factor. Several family and individual characteristics -ranging from education of parents to idiosyncratic ability or luckmay affect the productivity of investments in human capital. These are summarized in the term v.
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We model v as being a linear function of a vector of demographic characteristics of the household (x) and a random term (ε), such that v = γ′x + ε.
Writing down the full income constraint and substituting for h in the utility function, the household problem can be stated as 
This very simple framework displays the same basic empirical implications stressed in the original work of Basu and Van (1998 two forms: the usual lack of access to capital markets, and, in addition, the inability of agents to transfer debt to future generations, even with access to capital markets. In principle, with agents having access to capital markets, the transfer of debt across generations could be a way of taking advantage of higher returns to investments in human capital of children (as discussed at length in Becker, 1981) . But this possibility is typically not allowed in modern societies, therefore introducing an intrinsic dimension of credit constraint in intergenerational problems. Since both types of credit constraints are important issues for poor families in developing countries, and these are the relevant families when discussing the phenomenon of child labor, we keep this interpretation of the model throughout the paper.
The family decision regarding child labor and schooling becomes clear from the first order conditions of the problem. Defining λ as the multiplier on the full-income constraint, first order conditions for c and e c are, respectively, Our goal is to characterize the discrete choice of the household between these three states: child labor and no schooling, child labor and schooling, and no child labor and schooling.
As will be clear soon, the effect of changes in wealth and wages on family decisions is different according to the situation in which the child is found. σ-1 w c . Substituting the expression for v and using natural logarithms:
Choices of Child Labor and Schooling
This formulation decomposes the income and substitution effects in the household decision. The lnw c term represents the pure substitution effect, while family full-income (ln(w c t c + w p t p )) represents the pure income effect. For constant family income, a higher wage for the child is associated with a higher opportunity cost of schooling and, therefore, a higher probability that the child will work and not go to school. For constant wage of the child, higher family income is associated with a lower probability that the child will work and not go to school. An uncompensated change in w c , on the other hand, does not have an unequivocal effect. This change brings together both income and substitution effects, and the final result depends on their relative strength.
nd Case: Schooling and No Work
This choice is characterized by the inequality αβexp(v) > c σ-1 w c . In this case, all the child's time is used on investments in human capital, so that l c = 0 and e c = t c . For small changes in the economy, families in this situation contemplate whether to start sending the children parttime to the labor market. From the budget constraint, consumption is given by c = w p t p , so that the inequality can be written as αβexp(v) > w c (w p t p ) σ-1 . Substituting the expression for v and using natural logarithms:
In this case, the child does not work, so the income effect is captured only by the fullincome of parents (ln(w p t p )). Marginal changes in children's wages do not affect the consumption of the family and, therefore, have no income effect. But they do affect the opportunity cost of investments in human capital. For these families, increases in the wage of children increase the opportunity cost of schooling and unequivocally raise the probability that the children work and go to school, instead of going to school only. On the other hand, for given children's wages, increases in parents' income raise the probability that children go to school only, instead of working and going to school. 
Empirical Specification
The household faces a discrete choice with three possible options in relation to the child:
work and no schooling, work and schooling, and schooling and no work. Define the discrete variable J indicating the household choice as 0, 1, and 2, accordingly. The household decision can be summarized as follows: 
There are two main problems with this formulation. First, for a significant fraction of children, we do not observe market wages, and market wages may be endogenous to child labor decisions in previous periods. And second, we do not observe full family income, which becomes an even more difficult problem because of the previous issue.
In relation to child wages, we opt to use two alternative proxies for the level of demand for child labor at the municipality where the child lives. This allows us to use all the children in the sample, including the large number of those who do not work. The specific proxies that will be used are based on the value of local agricultural production (coffee and overall agricultural production), and will be discussed in detail later on. The basic idea is that these variables are correlated with the local demand for unskilled labor, and at the same time have some degree of exogenous variation due to the inherent uncertainty associated with climatic conditions and agricultural production.
In relation to the second problem, we adopt the following strategy. The logarithm of household full-income can be rewritten as ln(w ci t c + w pi t p ) = lnw pi + lnt p -lns pi , where s pi = t p w pi /(t p w pi + t c w ci ). The term s pi gives the share of the family's full-income that comes from parents, or, alternatively, the relative importance of the child in terms of the income generating power of the household. Notice that it refers to full-income, so that, given the educational level of parents and the market wages faced by parents and children, it does not depend on household 11 decisions at that specific point in time. It will typically depend on family characteristics such as educational attainment and age of the different members, gender of the child, composition of the household, wealth, etc. Since 0 ≤ s pi ≤ 1, we have lns pi ≤ 0, and the discrete choice problem discussed before can be represented by
where α* = ln(t p σ-1 /αβ). Given some distribution function F(.), the likelihood function for this problem is analogous to the one in (10).
As mentioned before, the term s pi will typically depend on household characteristics capturing the wealth and income generating power of parents, as well as the potential market wage of children. Assume that we can write s pi as a function of a set of demographic characteristics z i , as in lns pi = θ′z i . In principle, z i and x i can contain different elements or can be the same vector. If they contain only different elements, the variables in z i will be responsible for determining the shift in the threshold as family characteristics change. Alternatively, if z i and x i are the same vectors, the threshold will be identified by allowing the coefficients on the variables in x i to vary across the limits of the different categories. In the remainder of the paper, we assume that lns pi = θ′z i . We save the discussion on the components of the vectors x i and z i for the next section.
Other empirical issues arise because of the simplifying assumptions of the theoretical model (e.g., households with only one child, parents employed full-time, etc.). These will be dealt with in the empirical section, through the choice of sample and robustness checks performed after the initial estimation.
Data and Variables
Data Sources
The data we use come from three different sources. All household level variables are constructed from nine rounds of the Brazilian household survey (PNAD), which contains information on characteristics of all household members. The PNAD is conducted nationally throughout Brazil during the month of September of each year. We restrict the analysis to the 12 period between 1993 and 2003, for which consistent sampling methodologies and questionnaires were maintained.
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The second source of data is the municipality-level surveys of agricultural production administered each year by the Brazilian Census Bureau (Instituto Brasileiro de Geografia e Estatística -IBGE), which we use to construct variables measuring the value of coffee production per capita, as well as the value of overall agricultural production per capita. This survey provides annual data of area planted, area harvested, quantity produced, and values of most agricultural goods in Brazil. We also use municipality level GDP and population data from the Brazilian Institute of Applied Economic Research (Instituto de Pesquisa Econômica Aplicada -IPEA) and from IBGE.
Variables and Sample Selection
Our dependent variable follows the empirical specification laid out by equation (11) and reflects the child's school-work decision ordered according to what may be regarded as increasingly "better" outcomes in terms of allocation of time. 10 It is equal to 0 if the child works exclusively, 1 if the child works and goes to school, and 2 if she only goes to school. The variable is constructed based on two questions asking whether the child worked last week or at any point during the past 12 months, and whether she is currently enrolled in school. 11 Our definition of child work is not restrictive and includes children who worked at any point during the previous 12 months.
Three sets of independent variables constitute our main interest. First, we need variables that would capture wage variations for both parents (w pi ) and children (w ci ). Second, we need a set of variables capturing the return to schooling for each particular child (x i ). And, finally, we need a set of variables indicating the relative importance of the child's income in terms of the full potential income of the household (z i ), or, in a more general setting, in terms of the household's wealth.
Wages and Proxies for the Demand for Child Labor
For the first set of variables we use as parent's hourly wage the head of the household hourly wage, constructed from data on labor earnings and hours worked. In order to minimize the problem of interaction between child labor and labor supply decisions of adults, and to bring the sample closer to our theoretical model, we restrict the analysis to observations where the head of the household is employed full-time. Later on we also introduce additional variables to control for the interaction between labor supply of children and labor supply of other adults in the household. We define working full-time for an adult as working al least 30 hours per week.
Then we define the head of the household as the spouse, in the main family unit of the household, who has the highest hourly wage (in case both spouses work fulltime). 12 We also restrict the sample to children aged 10 to 14, to heads of the household between 18 and 65 years of age, and to children who are relatives of the head of the household, in order to concentrate the analysis on a more homogeneous group and to avoid including children who are treated differently within the family unit.
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As mentioned in the previous section, we do not observe child wages for all children, so we need to use proxies for the level of demand for child labor. In this respect, we use two different strategies, each of them generating a different sample. In the first strategy (coffee production sample) we use the value of coffee production per capita (in logarithms) as a proxy for the level of economic activity, which may affect the opportunity cost of children's time. In the second one (agricultural production sample), we use the value of agricultural production per capita (in logarithms). Both measures are constructed at the level of the municipality where the child lives (see full description below).
We see these two measures as proxies for the demand for low-skilled labor, for which child labor could potentially be a substitute. In municipalities where coffee or agriculture are economically important, the value of coffee production or the value of agricultural production are important indicators of local economic activity, and at the same time maintain a certain level of exogeneity, given the uncertainties generally associated with climatic conditions and agricultural production. Similar identification strategies were used by Schultz (1985) , where commodity prices served as instruments for the opportunity cost of women's time, by Black et al 12 PNAD classifies the head of the household according to self-reporting. In the samples that we use, at least 84 percent of the self-reported heads of the household are also the spouses with the highest wage. In the rest of the paper all characteristics of the head of the household use our definition (based on the highest hourly wage among spouses working full-time). 13 Relatives are sons and daughters, and other relatives (including grandchildren and stepchildren).
14 (2003) , where the price of coal was used as an instrument for men's wages, and by Kruger (2006a and 2006b) , where coffee production was used as a proxy of the value of children's time.
In the case of coffee production, we concentrate the analysis on municipalities where coffee is an important economic activity. In this case, we see increased demand for child labor not as being necessarily linked to harvesting or actual agricultural production. Where coffee is an important activity, increased production may increase demand directly through demand for work in agriculture, but also indirectly, through increased demand for labor in the transportation, processing, and packaging of coffee, as well as in other auxiliary and satellite activities affected by coffee cycles. So in order to concentrate the analysis on localities where coffee production is indeed important, we restrict this sample to municipalities in the top 60% of coffee producing municipalities. This selection criterion means that we include municipalities where the average share of coffee production in total GDP between 1996 and 2002 -the years for which we have both series -was at least 0.1 percent. In addition, to concentrate on localities where this shock was indeed relevant for most of the population, we selected municipalities with total population equal to less than 100,000 inhabitants.
For the agricultural production sample, we have a slightly different type of motivation in mind. In this case, we are indeed thinking about increased demand for labor in agriculture (harvesting, plowing, etc.), maybe due to unusually good climatic conditions or exceptionally high commodity prices. In this case, we have an easier way to define the relevant sample. The PNAD questionnaire already identifies households that are located in rural areas. So we restrict the sample to rural households according to this variable, and use the value of total agricultural production per capita as a proxy for the demand for child labor.
The incidence of the three possible outcomes for each year of our data is presented in Table 1 separately for each of the two samples. Figures 1 and 2 also present the distribution of weekly hours of work for children included in either of the two samples. As can be seen from the table, the school-work decisions follow similar trends in both samples. Work only exhibits a sharp declining trend with the incidence falling from more than 10% to less than 2% between 1993 and 2003 (in both samples). Work and school shows a clear declining trend in the agricultural sample (23% in 1993 and 11% in 2003) , but just a slightly declining trend in the coffee production sample (37% in 1993 and 33% in 2003) . Finally, the school only outcome exhibits an increasing trend in both samples, although the increase is stronger in the coffee production sample. From Figures 1 and 2 , one can see that roughly 85 percent of working 15 children in our samples worked at least 10 hours per week at some point during the previous 12 months, and at least 75 percent worked more than 15 hours per week. Table 2 presents the value of coffee and agricultural production per capita for municipalities included in the samples using the restriction criteria described in the last page.
The value of coffee production per capita increases steadily between 1993 and 1999. In 2001, the value of production collapses -along with the international and domestic prices of coffee -to 55 percent of the 1999 value and below the level observed at the beginning of the period.
Afterwards, production experiences a recovery, but still remains below the 1995 levels.
Agricultural production declines in the first half of the 1990's and experiences a recovery in the second half of the decade. As with coffee, agricultural production reaches the minimum value of the sample in 2001, but then it experiences a sustained recovery that culminates in 2003, when we observe the maximum value for the period analyzed. Our samples include typically 143 municipalities in the case of coffee production, and 545 municipalities in the case of agricultural production.
Other Independent Variables and Additional Controls
In relation to the variables affecting the return to schooling (x i ), we include years of schooling, gender, race, and the age of the child, along with whether the household lives in a rural area (for the coffee production sample). We also include the age of the head of the household, years of education of the head of the household, and whether the head the household is female. The age, gender and race of the child, previous investments in human capital, and rural location may all affect the marginal gain from additional years of education. The age and education of the household head, and whether the household is headed by a woman, may reflect family characteristics that can be seen as direct inputs into the human capital production function and, because of that, may affect the productivity of investments in education.
The importance of the child's earning potential in relation to the household's full income (z i ) depends, to a great extent, on a set of variables very similar to those determining the return to schooling of the child. In this respect, we want variables capturing the child's earning potential and also indicators of the household's full income (or wealth). The child's age, educational attainment, and the location of the household in a rural area may all affect her earning potential.
Parent's tenure in the current job, other income of the household, and variables related to household infrastructure are all closely related to the household's full income and wealth. In relation to household infrastructure, we consider variables that may indicate the socioeconomic 16 status of the family, such as the number of bedrooms per person, the availability of electricity and the possession of a telephone line (fixed), a television set, a refrigerator, and a washing machine. These are durable goods typically ordered in terms of family choices, so that they are closer to indicating differences in socioeconomic status, rather than differences in tastes.
Variables included only in x i will appear with the same coefficient in the first and second transition equations shown in expression (11). Variables included in both x i and z i will also appear in both equations, but with different coefficients in each one. Finally, variables included in z i , but not in x i , will appear only in the first equation, denoting the transition between state 0 (child labor and no schooling) and state 1 (child labor and schooling).
One important concern is related to factors not included in the discussion above, but that may be correlated with the explanatory variables and with household decisions. To account for the role of housework, intra-household substitution of labor, and dilution of family resources across different children, we control for: the presence of other children in the household, identified by particular age group (5 and below, between 6 and 9, and between 15 and 18); the total number of siblings; the presence of a person above 60 years of age in the household;
whether both parents work; and whether the head of the household is a single parent. To account for territorial variables that may be correlated to coffee and agricultural production, and to the incidence of child labor, we use state fixed-effects in all regressions. Also, in order to allow for further variations along this dimension, our robustness checks include as additional controls medium-region fixed-effects (geographic units smaller than states that aggregate contiguous municipalities), municipality characteristics such as GDP per capita and population, and statespecific time dummies. Since these variables are not directly mapped into our simple theoretical model, we let them enter in both x i and z i in the empirical specification.
We also test the robustness of the results to several different restrictions on the sample and to alternative definitions of the dependent variable. Detailed discussion on these issues is saved until the next section. Table 3 presents summary statistics for all explanatory variables discussed here.
Results
Drawing on the theoretical section, we assume that the error term ε follows a logistic distribution, so that the choice problem described in equation (11) can be represented by a 17 generalized ordered logit model. 14 Again, the dependent variable takes on the following three values: 0 if the child did not attend school and worked at any time during the previous 12 months, 1 if the child worked and went to school simultaneously, and 2 if the child attended school and did not work during the previous year. The generalized aspect of the model means that the proportional odds assumption is not maintained, so that thresholds between the three outcomes may vary according to the family's characteristics.
Baseline Results
Table 4 presents the main results of our estimation. The first two columns contain the estimated parameters for the two transition equations in the coffee sample, under our simplest specification. This specification includes the value of coffee production per capita and the wage of the head of the household (both constrained to be the same across the two equations), and child and household characteristics, which are assumed to be part of x i and z i , so that they appear in both transition equations, but with different coefficients in each one. Implicitly, we are assuming that variables affecting the child's return to schooling also affect the relative importance of her income to the household, so that all variables included in x i are also considered part of z i . In the third and forth columns, we present the results for the coffee sample including the socioeconomic variables as additional controls. 15 As these variables are related to the importance of the child's income to the household, but not necessarily to the child's return to schooling, they are assumed to be part of z i , but not of x i , and therefore appear only in the first transition equation and are excluded from the second one. This is our baseline specification, which will guide most of the discussion and subsequent robustness tests. The remaining columns in the table present analogous results for the agricultural production sample, where the value of coffee production per capita is replaced by the value of agricultural production per capita.
The coefficients presented in Table 4 refer to the effects of the explanatory variables on the likelihood of working only compared to going to school and working (columns 1, 3, 5 and 7), and on the likelihood of going to school and working compared to going to school only (columns 2, 4, 6 and 8). The estimated coefficients measure the effect of the independent variables on the likelihood of higher-valued outcomes. So a positive and significant coefficient on the first transition equation means that increases in the independent variable are associated, for families 14 We assume that the error term follows a logistic rather than a normal distribution because the estimation of generalized ordered probit models is particularly cumbersome from the numerical perspective. Our estimation was implemented using the commands and guidelines discussed in Williams (2006) . 15 These coefficients are omitted from the table for clarity of exposition but are available upon request.
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within that margin of choice, with a higher likelihood that the child works and goes to school, instead of only working. Similarly, a positive and significant coefficient in the second transition equation means that increases in the independent variable are associated, for families within that margin of choice, with a higher probability that the child only goes to school, instead of working and going to school simultaneously.
Results are very similar across the different specifications presented in the table. Also, qualitative results are very similar when comparing the coffee production and the agricultural production samples. Conditional on the hourly wage of the head of the household, higher values of coffee or agricultural production per capita are associated with worse outcomes for children.
At the same time, conditional on the value of coffee or agricultural production, higher hourly wages for the head of the household are associated with better outcomes for children. This reveals that, conditioning on the hourly wage of the head of the household, on determinants of the return to schooling and on the relative importance of the child's income for the family, as well as period-specific dummies, the value of coffee or agricultural production per capita highlights the substitution effect from increased economic activity. 16 Conditional on all these factors, exogenous increases in economic activity are associated with increased opportunity cost of children's time and, therefore, increased child labor and reduced school attendance.
Most of the control variables also have the expected effects. Children who are older or live in rural areas (for the coffee production sample) are more likely to be working and less likely to be in school, while, conditional on age, children with more years of schooling are more likely to stay in school. Also, children with more educated parents are more likely to be in school and not to work, while children in families with better socioeconomic characteristics (not shown in the table) are more likely to stay in school.
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In order to analyze the effect of the exogenous variable on the probability of occurrence of the three alternative outcomes, we calculate the marginal effects for both the coffee and agricultural production samples, using the most complete specification presented in Table 4 (columns 3-4 and 7-8). Results are found in Table 5 .
Since coffee production, agricultural production, and the adult wage variables are measured in natural logarithms, we can interpret the marginal effects as the impact of a 100 percent increase in the independent variables on the probability that each outcome occurs. For example, in the coffee production sample, a 100 percent increase in the value of coffee production leads to an increase of 0.04 percentage points in the proportion of children working only (column 1), to an increase of 0.52 percentage points in the proportion of children working and going to school (column 2), and to a reduction of 0.56 percentage points in the proportion of children only going to school (column 3). In the agricultural production sample, a 100 percent increase in the value of coffee production leads to an increase of 0.20 percentage points in the proportion of children working only (column 4), to an increase of 1.30 percentage points in the proportion of children working and going to school (column 5), and to a reduction of 1.50
percentage points in the proportion of children only going to school (column 6).
To get a sense of the magnitude of these changes, we divide the marginal effect by the observed probability of each outcome, which is reported at the bottom of Table 5 . For the coffee production sample, the observed changes correspond to increases of 1 percent in the probability of work only and 3.1 percent in the probability of work and schooling, and to a reduction of 0.70 percent in the probability of schooling only. For the agricultural production sample, they correspond to increases of 2.9 and 3.9 percent in the probabilities of, respectively, work only and work and schooling, and to a reduction of 2.6 percent in the probability of schooling only.
In relation to the wage of the head of the household, in the coffee production sample, a 100 percent increase is associate with a reduction of 0.26 percentage points in the fraction of children only working, a reduction of 3.4 percentage points in the fraction of children working and going to school, and an increase of 3.7 percentage points in the fraction of children only going to school. In terms of the relative sizes of the different groups, these magnitudes represent the following proportional changes: a reduction of 6.2 percent in the probability of work only, a reduction of 20.2 percent in the probability of work and schooling, and an increase of 4.7 percent in the probability of schooling only. In the agricultural production sample, an increase of 100 percent in the wage of the head of the household is associated with a reduction of 0.64 percentage points in the fraction of children only working, a reduction of 4.3 percentage points in the fraction of children working and going to school, and an increase of 4.9 percentage points in the fraction of children only going to school. In terms of the relative sizes of the different groups, these magnitudes represent the following proportional changes: a reduction of 9.4 percent in the probability of work only, a reduction of 12.0 percent in the probability of work and schooling, and an increase of 8.5 percent in the probability of schooling only.
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Overall, the responses of households to changes in economic activity and overall wealth follow the pattern predicted by our theory. The shocks to local economic activity, once we control for household characteristics, socioeconomic status, time trends, and state-specific factors, do seem to isolate mostly the substitution effect from the increased demand for child labor in the short-run. On the other hand, conditional on all other control variable, socioeconomic status and the wage of the head of the household seem to isolate the income effect, leading to better outcomes in terms of the allocation of time of children. The conflicting effects found in previous papers are obtained here as different dimensions of the response of families to increases in income and in the level of economic activity. Here, these results are entirely consistent with economic theory and with the rational behavior of households.
Robustness Checks
In order to test the robustness of the results to different alternative hypotheses and to address some issues not explicitly dealt with in the model, Table 6 presents a series of additional results. These results refer to estimations that include further controls to our baseline specification or that restrict the sample in other alternative ways. The table presents only the main coefficients of interest (value of coffee or agricultural production per capita and the wage of the head of the household), but we also discuss other results in the text (not presented in the table) below.
18
The first column in the table includes as additional controls (in both x i and z i ) variables related to family structure, which are not modeled explicitly in our theory, but which may affect allocation of time or allocation of resources within the household. These may be related to demand for household work, substitution of domestic or market labor across different members of the household or dilution of family resources across different children. In order to account for these possibilities, we include as additional independent variables a dummy indicating whether both parents work, a dummy indicating whether the household has only one parent present, three dummy variables indicating the presence of siblings aged between 0 and 5, between 6 and 9, and between 15 and 18, a dummy indicating the presence of and elderly person in the household, and a variable indicating total number of children present in the household. The main results are virtually unchanged by the inclusion of these variables. Among the family structure variables, number of children in the household, the presence of a sibling aged between 15 and 18, and the fact that both parents work are all associated with worse allocations of time for children, towards 18 Results not reported are available upon request.
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more work and less schooling. The other variables do not have robust and significant effects across the different specifications.
The second column in Table 6 restricts the sample to only sons and daughters of the head of the household, to avoid the comparison of children who may be treated differently by the main family unit in the household. The third column, in sequence, changes the definition of child labor to at least 15 hours of work a week at some point during the previous year, to characterize a stronger attachment to the labor market. In both cases, results remain very similar to those obtained with the baseline specification.
The fourth, fifth, and sixth columns control for factors that may be associated to municipality characteristics and also to the incidence of child labor. In the fourth column, we introduce fixed-effects for what the Brazilian Census Bureau (IBGE) calls medium-regions ("meso-regiões"), which are geographic areas much smaller than states. 19 In our case, the average number of municipalities per medium-region is 3.3 in the coffee production and 4.4 in the agricultural production sample. Medium-regions are sets of contiguous municipalities that share similar geographic and economic conditions. The fifth column includes as independent variables the natural logarithm of GDP per capita and population, both measured at the municipality level. These may capture changes in local development and urbanization levels that may be correlated to changes in agricultural production, and therefore could bias the results. The sixth column then includes state or geographic region-specific time dummies, in order to account for the possibility of differential trends in coffee or agricultural production across the different areas of the country (see the previous footnote on the reasons why we use state-specific time dummies in one case and geographic region-specific time dummies in the other). The results remain significant and of the same order of magnitude in all cases. Particularly, in the case of the coffee production sample, quantitative results are almost identical in the first two cases, and then 19 The high degree of non-linearity in the generalized ordered logit model stops us from introducing a large number of fixed-effects in the model. When we include municipality fixed-effects, for example, the maximum likelihood procedure fails to converge in several specifications, while the estimated coefficients become highly unstable in the few specifications that do converge (according to changes in the sample and control variables). This is why we choose to report the results using medium-region fixed-effects, which control for local heterogeneity without introducing the problem of estimating a large number of parameters in a highly non-linear setting. In addition, these fixed-effects control for local heterogeneity still leaving some degree of variation in the independent variables measured at the municipality level (this minimizes the problems discussed by Deaton, 1997, p.107-8, related to the increase in standard errors and in the imprecision of estimates when the variation in the independent variable of interest is relatively modest across-time within municipality). The non-linearity is a recurrent problem in the estimation of generalized ordered logit models, and tends to be even worse in the probit case (see Williams, 2006) . We face a similar problem when estimating state-specific time dummies, when these fail entirely to converge in the case of the coffee production sample. In this case, we replace state-specific by geographic region-specific time dummies (according to the IBGE's geographic classification of Brazil: North, Northeast, Centre-west, Southeast, and South). Also, a simple multinomial logit model does converge in this case, leading to results that are qualitatively similar to those reported in the table.
22 increase somewhat when we control for geographic region time dummies. In the case of the agricultural production sample, quantitative results are reduced a little when we include mediumregion fixed effects or municipality characteristics, but the reduction is modest and significance is still maintained.
For the coffee production sample, we also check the robustness of the results to the definition of areas affected by coffee production. In the seventh column, we restrict the sample to municipalities in the top 40% of coffee producing municipalities. Again, results remain significant and quantitatively similar, though there is a small reduction in the coefficient on the value of coffee production per capita and a more substantial reduction in the coefficient on the wage of the head of the household.
Finally, the last two columns in Table 6 present results when the generalized ordered logit model is estimated without the imposition of any constraint on its coefficients. For the case of the coffee production sample, results seem to be quite similar to those obtained under the estimation with constraints. For the agricultural production sample, the coefficients on the value of agricultural production per capita are also quite similar to those obtained with the constraints, but the ones on the wage of the head of the household are quantitatively quite different and, surprisingly, not significant in the first transition equation. In more rigorous terms, in both samples we cannot reject, at the 5 percent significance level, the hypothesis of equality across transition equations of the coefficients on the value of coffee production and on the wage of the head of the household. 20 Overall, we cannot reject the constraints imposed by our very simple theoretical model.
Additional Results
As a final exercise, we estimate our baseline specification for boys and girls separately, and also for children in a different age group (15 to 18 years of age). These results are presented in Table 7 . As one might expect, boys' responses to shocks to local economic activity are more elastic than girls' (columns 1 and 2). This is true for both samples (coffee and agricultural production) and for both age groups. In relation to the response of the different genders to changes in the wage of the head of the household, there is no clear pattern. Girls seem to be more sensitive to the wage of the head of the household, but results are reversed in one of the specifications and differences are relatively modest in others. Overall, older kids seem to be slightly less responsive to shocks to local economic activity, maybe because they are already engaged on market work on a more systematic basis (column 3). But opposite results are also obtained in the case of boys between 15 and 18 years of age (column 4). In any case, both quantitative and qualitative results are roughly similar across age groups and genders, and are also quite close to the results obtained in our baseline specification.
Concluding Remarks
In this paper, we develop a simple theoretical model of household choices regarding child labor and schooling. The theory characterizes the household problem in a way that can be represented by a generalized ordered discrete choice model, in which families can choose between three alternative allocations of children's time: work only, work together with schooling, and schooling only.
We apply the model to Brazil, using agricultural shocks to local economic activity (from coffee production and overall agricultural production) as a way to distinguish between the roles of increases in family wealth (income effect) and in the opportunity cost of children's time (substitution effect) in determining the incidence of child labor. We find that household characteristics associated with higher permanent income and wealth (or to less dependence on child's income) -hourly wage and job tenure of the head of the household, other sources of income, and household infrastructure -are associated with lower incidence of child labor and higher school attendance. At the same time, conditional on household wealth and socioeconomic characteristics, and on long-term trends, increases in labor demand due to shocks to local economic activity increase the opportunity cost of children's time, therefore increasing the incidence of child labor and reducing school attendance.
Our approach trusts more heavily on theory than the previous empirical literature on child labor. As a consequence, we are able to understand the reasons behind some of its seemingly conflicting results. We argue that our evidence related to family wealth and socioeconomic status, and to increases in the short-term demand for labor, isolate, respectively, the income and substitution effects present in different types of shocks faced by families. Generally, we show that, in order to understand the effect of a certain change in income or in the level of economic activity, one must understand how it affects the full income of the household and the opportunity cost of children's time. Only by understanding how a given shock affects these two dimensions 24 of the family problem one is able to understand its implications in terms of child labor and schooling. Notes: Sample restricted to children aged btwn 10 and 14 related to head of the household (heads of household restricted to full employed and aged btwn 18 and 65). Coffee production sample restricted to municipalities with less than 100,000 inhabitants in top 60% of coffee producing municipalities, and agricultural production sample restricted to rural households. Data from PNAD and IBGE agricultural surveys. Notes: Production per capita in 2000 R$ (reais). Sample restricted to children aged btwn 10 and 14 related to head of the household (heads of household restricted to full employed and aged btwn 18 and 65). Coffee production sample restricted to municipalities with less than 100,000 inhabitants in top 60% of coffee producing municipalities, and agricultural production sample restricted to rural households. Data from PNAD and IBGE agricultural surveys. . Sample restricted to children aged btwn 10 and 14 related to head of the household (heads of household restricted to full employed and aged btwn 18 and 65). Coffee production sample restricted to municipalities with less than 100,000 inhabitants in top 60% of coffee producing municipalities, and agricultural production sample restricted to rural households. Data from PNAD and IBGE agricultural surveys. 0,00 0,00 0,00 0,00 Notes: State and year fixed effects included in all specifications. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Unit of observation is child. Dep var is categorical indicating whether child works only (0), works and goes to school (1), or goes to school only (2). Indep vars are value of municipality coffee or agricultural production per capita (ln), hourly wage of head of household (ln), education, female dummy, race dummies (mixed and black), age, rural dummy, age of head of household, education of head of household, female head of household dummy, number of bedrooms per capita, dummies indicating whether household has electricity, phone, tv, fridge, and washing machine, tenure of head of household in current job, other income of household (ln). Sample restricted to children aged btwn 10 and 14 related to head of the household (heads of household restricted to full employed and aged btwn 18 and 65). Coffee production sample restricted to municipalities with less than 100,000 inhabitants in top 60% of coffee producing municipalities, and agricultural production sample restricted to rural households. Robust standard errors clustered at municipality level. Data from PNAD and IBGE agricultural surveys. Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Unit of observation is child. Dep var is categorical indicating whether child works only (0), works and goes to school (1), or goes to school only (2). Indep vars include all controls from Table 4 (not shown). Family structure includes dummies for both parents working, single parent household, presence of siblings aged btwn 0 and 5, btwn 6 and 9, and btwn 15 and 18, number of siblings, and dummy for presence of elderly person. Sons and daughters restricts sample to sons and daughters of the head of household. More than15 hours of weekly work restricts sample to children that worked at least 15 hours. State/region-specific dummies includes state or regionspecific time dummies (maximum likelihood in the cofee sample did not converge with state-specific dummies). Municip. charact. includes ln(gdp per capita) and pop. Last two columns, respectively, restrict sample to municip. in top 40% of coffee production and estimate complete model from Table 2 without constraints. Initial samples identical to that of Table 4 . Robust standard errors clustered at municipality level. Data from PNAD and IBGE agricultural surveys. Table 4 (not shown). Basic coffee production sample restricted to municipalities with less than 100,000 inhabitants in top 60% of coffee producing municipalities, and agricultural production sample restricted to rural households. Robust standard errors clustered at municipality level. Data from PNAD and IBGE agricultural surveys. Sample restricted to children aged btwn 10 and 14 related to head of household (heads of household restricted to full employed and aged btwn 18 and 65). Additional results restrict sample to, respectively, boys, girls, children btwn 15 and 18, boys btwn 15 and 18, and girls btwn 15 and 18.
